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(54) SOLID ELECTROLYTE FUEL CELL 

(57)Abstract: 

PURPOSE: To provide a solid electrolyte fuel cell by 
suppressing chromium and chromium oxide from mixing 
in an air electrode to improve a life of the fuel cell. 
CONSTITUTION: A cell 4, where a fuel electrode 3 and 
an air electrode 2 are opposed to each other through a 
solid electrolyte 1 , and a heat resistant alloy separator 5 
containing at least chromium are alternately laminated. In 
this solid electrolyte fuel cell, an amount of chromium in 
the heat resistant alloy separator 5, interposed between 
the fuel electrode 3 and the air electrode 2, is decreased 
in an alloy surface part, brought into contact with the 
electrodes 2, 3, less than in an alloy central part before a 
temperature rise of the battery. 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to amelioration of a heat-resistant-alloy separator 

in detail about a solid oxide fuel cell. 

[0002] 

[Description of the Prior Art] Since a fuel cell transforms the chemical energy of the gas 
supplied into direct electrical energy, it can expect high generating efficiency. When use of waste 
heat is included, especially a solid oxide fuel cell (SOFC) has the advantage of being able to raise 
generating efficiency compared with a phosphoric acid fuel cell (PAFC) and a fused carbonate 
fuel cell (MCFC), in order to carry out [ which it says is about 1000 degrees C ] operating at high 
temperatures. Therefore, it is observed as a fuel cell of the third generation which ranks second 
to PAFC and MCFC, and inquires in each field. Although cylindrical preceded such development 
of SOFC until now, development of the monotonous mold SOFC with which the increment in the 
generating efficiency per volume is expected is in the limelight now. 

[0003] Drawin g 5 is the decomposition perspective view showing the basic configuration of the 
conventional monotonous mold SOFC, and is the structure to which two or more laminatings of 
the eel 14 which arranges an air pole 12 and a fuel electrode 13 on both sides, and grows into 
them through the solid electrolyte plate 1 1, and the separator 15 were carried out by turns. Here, 
the separator 15 has the role which connects each eel 14 electrically and separates the reactant 
gas by the side of an air pole 12 and a fuel electrode 13. this — a seed — a separator — 
requiring — having — a property — ****** — ( — one — ) — gas — impermeability 
(compactness) — ( — two — ) — right — conductivity — ( — three — ) — right — thermal 
conductivity — ( — four — ) — precision — good — it can fabricate — things (homogeneity of 
thickness) — etc. — mentioning — having . the conditions of such (1) - (4) are fulfilled, and 
processing is comparatively easy — etc. — in recent years, heat-resistant-alloy separators, 
such as a nickel-Cr-Fe system, are widely used instead of the ceramic separator from the 
reason. Since the chromium contained in a heat-resistant alloy will form the layer of chrome 
oxide in the front face of a heat-resistant-alloy separator if it says that a cell is about 1000 
degrees C and it carries out operating at high temperatures, it has played roles, such as 
oxidation of the separator in an elevated temperature, and corrosion prevention. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned conventional cell, 
in order that the chromic-acid ghost formed in the chromium contained in an alloy separator or 
an alloy front face may move to an air pole side by thermal diffusion etc. at the time of cell 
actuation and chromium and a chromic-acid ghost may mix into an air pole, the electrode activity 
of an air pole, falls. Therefore, since cell reaction resistance and ohmic resistance increased, the 
technical problem that a battery life became short occurred. 

[0005] It controls that chromium and a chromic-acid ghost mix this invention into an air pole in 
view of the above-mentioned technical problem, and aims at offering the solid oxide fuel cell 
whose battery life improved. 
[0006] 
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[Means for Solving the ProblUFin order that this invention may sol ve^ro above-mentioned 
technical problem , in the solid oxide fuel cell of which the laminating of the eel in which a fuel 
electrode and an air pole carry out phase opposite through a solid electrolyte , and the heat- 
resistant alloy separator which contain chromium at least be carry out by turns , and it consist , 
the amount of the chromium in the heat-resistant alloy separator which intervene between said 
fuel electrode and an air pole be characterize by for there to be less alloy surface section which 
touch an electrode rather than an alloy center section in front of the temperature up of a cell . 



[Function] Although it is surmised that the chromic-acid ghost formed in the front face of an 
alloy separator reacts with the oxygen gas supplied through an air pole, and serves as gas of 
chromium, and this diffuses it, and it is generally mixed into an air pole, since there are few 
chromium contents in the surface section ( namely, side which touches an electrode) of a heat- 
resistant-alloy separator, with the above-mentioned configuration, the amount of the chromium 
mixed into an air pole also decreases compared with the former. Therefore, electrode reaction 
resistance and ohmic resistance decrease, and a battery life improves. 

[0008] Moreover, by the cell using the above-mentioned alloy separator, after actually performing 
operation for thousands hours, it also checked that mixing of the chromium from a separator to 
the inside of an air pole was controlled. Although this reason is not clear, even when there were 
few chromium contents on the front face of an alloy before a cell temperature up and long 
duration operation of the cell is carried out after that, the oxide of other alloys (for example, Fe, 
nickel, etc.) which constitute the separator concerned is mainly formed in the front face of an 
alloy separator, and it is thought that the layer of a chromic-acid ghost is because it is formed in 
that interior. 
[0009] 
[Example] 

[Example] Drawing 1 is the important section sectional view of the solid oxide fuel cell (10 eel 
layered product) concerning one example of this invention. The solid electrolyte plate 1 
(magnitude 10cmx10cm, thickness of 0.2mm) which consists of 3mol% yttria addition partially 
stabilized zirconia is minded. The eel 4 which the air pole 2 which consists of La0.9Sr0.1 Mn03- 
YSZ, and the fuel electrode 3 which consists of NiO-YSZ are arranged, and changes, It is the 
structure to which the laminating of the heat-resistant-alloy separator 5 which separates gas 
was carried out by turns, and the sealant 6 which consists of non-conductive hyperviscous melt, 
such as Pyrex glass, was made to intervene between electrode the non-applying side of the solid 
electrolyte plate 1, and a separator 5. Moreover, between an air pole 2 and a separator 5, the 
platinum network has been arranged as a charge collector 7, and the nickel felt has been 
arranged as a charge collector 8 between a fuel electrode 3 and a separator 5, respectively. 
[0010] Hereafter, production of a cell is explained concretely. First, it is the following, and said 
heat-resistant-alloy separator 5 was made and formed. The heat-resistant-alloy separator was 
produced for the heat-resistant alloy which consists of the presentation of Cr:Fe:nickel=1 6:8:76 
(wt%) by cutting, polish processing, etc. Next, this separator was heat-treated at 1050 degrees C 
among air for 48 hours, and the oxide skin (Cr 203) was formed in the front face. Then, the front 
face of this alloy was ground and the oxide skin (Cr 203) formed in the front face was removed. 
[0011] Thus, the produced heat-resistant-alloy separator is called the (a) separator below. Next, 
it is the following, and the above-mentioned eel 4 was made and produced. The 8mol% yttria 
addition fully-stabilized-zirconia (YSZ) powder and the nickel oxide powder of 1 micrometer of 
mean diameters of 0.5 micrometers of mean diameters were prepared as a raw material of a fuel 
electrode, it mixed so that these might be set to 1:1 by the weight ratio at the time of nickel 
oxide reduction, and it slurred using a terpineol solvent and PVB, and considered as the slurry 
for fuel electrodes. 

[0012] On the other hand, La0.9Sr0.1 Mn03 powder with a mean particle diameter of 1 
micrometer and YSZ powder with a mean particle diameter of 1 micrometer were prepared as a 
raw material of an air pole, it mixed so that these might be set to 8:2 by the weight ratio, and it 
slurred like said fuel electrode 3, and considered as the slurry for air poles. After applying said 
slurry for fuel electrodes to one field of said solid electrolyte plate so that it may become 50 
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micrometers in thickness, a^fcaking it dry, this is calcinated at 1250^^^rees C among air for 2 
hours. Then, after having applied said slurry for air poles to the field of another side of said solid 
electrolyte plate so that it might similarly become 50 micrometers in thickness, and making it dry, 
this was calcinated at 1 100 degrees C among air for 4 hours, and the above-mentioned eel was 
produced. 

[0013] The ten-sheet laminating of the eel was carried out to the last through the 
aforementioned (a) separator, and the cell was assembled. Thus, the produced cell is called the 
(A) cell below. 

[Example 1 of a comparison] After heat-treating among air the heat-resistant-alloy separator 
which consists of the presentation of Cr:Fe:nickel=1 6:8:76 (wt%) at 1050 degrees C for 48 hours 
and forming an oxide skin (Cr 203) in a front face, this oxide skin was not removed, and also the 
heat-resistant-alloy separator was produced like the above-mentioned example 1 . 
[0014] Thus, the produced heat-resistant-alloy separator is called a separator below (x1). Next, 
the cell was assembled like the example 1 using this (x1) separator. Thus, the produced cell is 
called a cell below (X1). 

[Example 2 of a comparison] Neither heat treatment nor polish processing was performed to the 
heat-resistant-alloy separator which consists of the presentation of Cr:Fe:nickel=1 6:8:76 (wt%), 
and also the heat-resistant-alloy separator was produced like the above-mentioned example 1. 
[0015] Thus, the produced heat-resistant-alloy separator is called the (x2) separator below. 
Next, the cell was assembled like the example 1 using this (x2) separator. Thus, the produced cell 
is called a cell below (X2). 

[Experiment 1] Since it investigated from the interior of an alloy using the (a) separator of 
above-mentioned this invention, and - (x1) (x2) separator of the example of a comparison about 
distribution of the chromium in an alloy front face (air pole side front face), the result is shown in 
drawi ng 2 . Moreover, since distribution of the chromium in the separator (x1) of the example of a 
comparison was measured, the EPMA line analysis result is shown in drawing 6 . 
[0016] With the (x2) separator of the example of a comparison which performed neither heat 
treatment nor polish processing, it turns out that it applies to an alloy front face from the interior 
of an alloy, and chromium is distributed over abbreviation homogeneity so that clearly from 
drawin g 2 . Furthermore, with the separator (x1) of the example of a comparison which only 
heat-treated and did not perform polish processing after that, although distribution of the 
chromium near the air pole side front face is decreasing a little, it turns out that 203 layer of Cr 
(s) exist in the part alloy front face so much. Moreover, it turns out that 203 layer of CKs) exist 
in an alloy front face so much also from the EPMA line of drawing 6 . 

[0017] Since the oxide skin formed in the front face by heat treatment with the (a) separator of 
this invention to these is removed by polish processing, it turns out that distribution of the 
chromium in an air pole side front face is decreasing. Therefore, it is thought that the amount of 
the chromium mixed into an air pole from a separator at the time of cell actuation decreases. In 
addition, although chromium mixes a little into an air pole from a separator side even when the 
(a) separator of this invention is used, for example by using La1-XSrXMn03 as an air pole 
ingredient, La1-XSrXMn03 and chromium react easily at 1000 degrees C, and it changes to La1- 
XSrXMn1-yCry03 or 3 (Mn1-ZCrZ)04. If this La1-XSrXMn1-yCry03 has few amounts y of 
permutations of chromium, its electrode activity is high to the same extent as La1-XSrXMn03, 
and with extent which carries out little mixing also of the spin flannel mold oxide (Mn1-ZCrZ) 
304, since electrode activity is seldom influenced, the life property of a cell improves sharply by 
applying the above-mentioned surface treatment. 

[Experiment 2] Since the continuous discharge trial was performed using the (A) cell of above- 
mentioned this invention, and - (X1) (X2) cell (all are 10 eel layered products) of the example of 
a comparison, the result is shown in draw ing 3 . In addition, experiments are the conditions of 
using H2 gas which humidified Air at the room temperature as fuel gas as oxidizer gas, 
respectively, and carrying out by current density 300 mA/cm2 in 1000 degrees C. 
[0018] By the cell (X2) of the example of a comparison using the (x2) separator which has 
processed nothing to the alloy separator, it turns out that a eel electrical potential difference 
begins to decrease with a peak of 830mV of dozens of hours after, and it is falling even to 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgi_ejje 



04/08/23 



' v. ' s 4/4^— v 

350mV 400 hours after so tl^j^learly from d rawin g 3 . Moreover, onl^^^^heat-treating, by the 
cell (X1) of the example of a comparison using the separator (x1) which does not perform 
subsequent polish processing, in order that 203 layer of CKs) formed in the alloy front face of 
heat treatment may move into an air pole so much, it turns out that the fall of a eel electrical 
potential difference is more remarkable than the cell (X2) of the example of a comparison. 
[0019] To these, by the (A) cell of this invention using the (a) separator which performed heat 
treatment and any [ of polish removal ] processing, the fall of a eel electrical potential difference 
is small, and it turns out that the life property is improved sharply. This is because the oxide skin 
formed in the front face by heat treatment is removed by polish processing, so distribution of the 
chromium in an air pole side front face decreases. 

[Experiment 3] Since the cell was disassembled and EPMA side analysis of the chromium in an 
air pole cross section was performed after performing continuous discharge for 300 hours using 
the (A) cell of above-mentioned this invention, and - (X1) (X2) cell of the example of a 
comparison, the result is shown in drawing 4 , drawing 7 , and drawin g 8 . 

[0020] By the cell (X2) of the example of a comparison using the (x2) separator which performed 
the cell (X1) of the example of a comparison using the separator (x1) which did not perform 
surface treatment after heat treatment, and neither of the processings, it turns out that 
chromium (white image) mixes so much and is in an air pole from the alloy separator side so that 
clearly from drawing 7 and drawing 8 . In addition, in drawing 7 and drawing 8 , the black lump 
reflected to the air pole is considered to be the lump of a zirconia. 

[0021] On the other hand, by the (A) cell of this invention using the (a) separator which 
performed polish processing after heat treatment, it turns out that there is little distribution of 
the chromium in an alloy separator front face, and there is little chromium diffused in an air pole 
from a separator side so that clearly from drawin g 4 . 

[Other matters] Although the temperature of heat treatment of a heat-resistant-alloy separator 
has desirable 1000 degrees C or more which is a cell operating temperature, when applying to a 
less than 1000-degree C low-temperature actuation cell, there is effectiveness with the same 
more said of heat treatment at low temperature. 
[0022] 

[Effect of the Invention] According to the above this invention, since there are few amounts of 
the chromium in the alloy surface section (namely, side which touches an electrode) of a heat- 
resistant-alloy separator compared with the interior of an alloy, the amount of the chromium 
which moves into an air pole from an alloy front face at the time of cell actuation also decreases. 
Therefore, since mixing of the chromium to the inside of an air pole is controlled compared with 
the former, electrode reaction resistance and ohmic resistance decrease, and a battery life 
improves. 



[Translation done.] 
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